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Abstract 

_ contrast overt 

dWWi S^!, ^f^ Db,en * *>I*«teted three- 
flimehsltmal statistical modeling ww used te evaluate flic 
jW«> ? WW*!* additive, or antagonistic efficacy 
wII 2^jA«>-»>«B*Wi«0 Bene merupyCoO 

^^^eiiaerpwtreatedwithpaeU tntfUnbeftra 
«^ wadditiva efflcaey wttapja gene therapy. In no case 

cell death, When combined, the relative coaeta- 

SaS S^S *• d0mSn * rt ""^rrt 
spujEe, ine$e results are cona stent with #•** 

St^S^^TJ'' trans * ,c " 1 «V mam* 
MWAd 3-Wft in a-dese -dependent maimer, which is one 

c™L^^f^!2 * P 8 ^*! twpoariale for m. 
^^^^^^ Were ,ower 0,2,1 concentrations 
Noufcod teriateotabato condensation. Tee office.* of cam- 
JaadfM a «««apy was also evaluated fa la £ pjySi 
S^V^aeaogndlmodelofoveiiweeoeer^deS!^ 



mm tanor burden (16%) caused a much grater dtcraw la 
b^bardea ffS«) when e«mdd n edw5 p3ES 
Oteetercaarttoed efficacy was els* observed* SepS' 

MDA*m^3i breast cancer xenograft & ETZ 

caatb&ed wab pacUtaxeL This combination b — 
mended for dtnfcal cancer trials. 



r^tV^Hr^ 1 ,/,V98: 1/1*98. 

me cnjta af publication of thin utkio n»» ^*l!L, , ., . . 

Wweotofjsge she^t TmtS^J^^^^J: 
advertisement in vcontaee wie» 1 8 u q £ <S2J? iff** mlHced 
Inittoate this feet *™" WBC0 *»" 18 UJ - C - Section 1734 solely to 

sSi, LSSSLTS 1 * f0r "r , * w Ktauld be tddKSSed at rift4»«S. 



Introdactian 

ftctor to connol the eKpwsefan of protein. Involved 
eyele a. 2). In response to UNA demeee, p53 proteio wcuimK 
Tn^n^ °° C |f M ' «U« » iWtaV can cycle 

Bet, s?, FaacMaatf laacdvaaen of p53 can occur by eevena 
Incli^og dirsct ^ mm.tfon. binding to S 
^ ***** mi "X>> « ^ItBratfon of the 
Msraual for nannal devdopmcnt. pS3 «Wott? ado. are 
«u^pfflteto aaam. early in Ufo (4). Mutetlo™ inpS3heve 
^I!2f^ w a n^Jority of clinical caam, end it ta« tea 
eMBnted that p53 function Is altered in half of an human 

^i^ t i I T pr T 58U ' di « ase P~*«wl«. ^ decreased 

^ n?^ 0 ^^" 0 afiB0B ' «f wild- 

<9TCp53 Ota fumors with tmnfoncdoaa] pS3 afford a novel 

«»olv^^^. inhlbte ^ «V chancing 

fof mtmsto (6, 7). Ttosresuhs in oeUcyolohlookagBln mitosis 

bfJSte£^^£ tt WtcSps^wKm? 
be P53 mdependant (8, 9). iTie rstionak fcr cc»«hinlni ftW aeoe 
th^witbpaclitoclintheclinioal .attagW&SS 
«^7»tian» orgeats with dn^a^ e ^pSc2 
reaih in Increwed efBcaoy without inorewedT^n^dty^ 
d^h^Wjcambiaatinns of a^aats may tSStSSK 

agents may offer a solution to the problem of heterogeneous 
tomorcon popniations with different seaslt^TSS 
^1^^/^nt. can allo^X^TteS 
edvnntega of pnuible synenim betwean drn^ msuluaafa 

«em)h^een two i cbemtcal aetrnts b «n 

tS* ( b * oteerved effect of the combinaSonis 
more fox Usajthaa w h« wodd be pxedtocd from the cf&c^of 
ead i agont working atone (10). Although yl, m syn^iTnot 
-hreotly provable inthcoUnlo.it doca^odiot a S^Sta out 
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come when the two mempeutios am combined. In contrast, overt 
antagonism wama of future problem*. 

p33 Ad 3 (ACN53) is a novel gene therapy for cancer (11). 
ACN53 consists of a ropJioatzoiHlcfideQtp typo 5 Ad vector 
expiring human p53 tumor suppressor gene voder the control 
of the cytomegalovirus promoter. p53 Ad has therapeutic effi- 
cacy against a wide range of human tumor types with altered 
ptt both in vUro and in vivo (5, 11-13). Here, we examined the 
efficacy of p53 Ad In combination with paclifexel against a 
panel of human tumor cell fines in vitro and in vivo. Greater 
combined efficacy was observed in all oases. In addition, we 
provide evidence that padlmxel increases the transduction of 
tumor cells by recombinant Ad at paclhaxel concentrations that 
cause minimal tumor cell death. 

Materials and Methods 

Cell UnesanJAdlaffrfoni in Vitro 

All cell lines were obtained torn American Type Culture 
Collection (Rnckvilto, MD). SCC-9, SCC-15. and SCC-25 head 
and neck tumor cells (ptt*^) wero cultured in a 1:1 mirore of 
DMBM and Ham's F-12 (LifeTWinologios, Inc., Grand Wand. 
NY) with 10% PCS CHycJone, Logan. UT), 0,4 u^n* hydro- 
cortisone (Sigma Chemical Co., Sc. Loins, MO), nod 1% non- 
essential amino acids (Life Technologies. Inc.) at 37°C and 3% 
CQj, $K»OYV3 human ovarian tumor cells (pSS 1 * 11 ) and DU- 
145 human prostate tumor cells (p53 rnBt ) were cultured in Ba- 
ghVa MEM phw 10?& FCS at 37°C and S% CO* OVCAR-3 
ovarian tumor cello ($S2 ma *) were cultured In RPMI 1640 (Life 
Technologies, InaX 10 pgAn] bovine insulin (Sigma), and 20% 
PCS (Hyclone) at 37*C and 5% CO* MDA4rfB*£3l human 
mammary tumor cells (P53 1 **) were cultured m DMEM (Ufe 
Technologies, Inc.) with 10% PCS (Hydcme, Logan, UT) at 
37°C and 5% C0 4 . MDA-M&46B human mammary tumor 
cells (p53 rmrt ) worn cultured in Leibovitz'a L-1S medium (Ufc 
Technologies, Inc.) conodntng 10% PCS (Hyelone) at 37°C 
without COj. 

MDA-MB-231 xDammary tumor cells carry* an Aig^co-Lys 
mutation in codon 280 of the n55 gene and express mutant p53 
(14). DU-145 prostate tumor cells carry two mutations on dif- 
ferent chromosome*, a Pro-tu-Lci: mutation in codon 223 and 0 
VaUo-Phe mutation m codon 274 (15). Hiey express mutant 
p53. SKOV-3 ovarian tumor cells are pS3 null (16), OVCAR-3 
carry an Arg-to-Gln mutation in codon 248 and express mutant 
053 (16), SCC-9 cells have a deletion between colons 274 and 
285, resulting in a fraineahift mutation (17). No xmmunoreactive 
p53 protein is detectable in SCC-9 nuclei (17-19), SCO 15 cells 
have an insertion of 5 bp between codecs 224 and 225, They 
produce low levels of pS3 mRNA bur no detectable p53 urotem 
(19). SCC-25 cells have loss of heterozygosity at chromosome 
17 and a 2-bp deletion in codon 209 on the remaining allele (IS), 



Tbo abbreviations used src pS3 Ad, »tieno virus-mediated pSS tans 
therapy; Ad, adenovirus; (i-gal, p-galselosida&e; OU, cellular infectious 
umtMjMfT, 3-(4.S-dittM%nMazoI4^^ hio- 
™fo PACS. ftaawroem^aetivatBiJ cell wHhtfy 10*04., numWicity of 
infrfff if m ; ecid, severe combined imnrittodaftoJencY; WU, 5-fluorcura- 



pS3 mfcNA is not detectable in SCC-25 colls, and no immune 
reacdve pS3 protein is observed in their nuclei (18). 

Construction and propagation of the human wildVrype p53 
and Eicherichia coll ^gal Ads have been described previously 
(11). The concentration of infectious viral particles was deter- 
mined by measuring the concentration of viral hexon protefn- 
podtive 293 cells after a 4B-b infection period (20). Ads were 
administered in phosphate buffer [20 mu KaH^P0 4 (pR $J0) r 
130 mw NaC3, 2 mxr MgCl*, and 2% sucrose]. For tn vitro 
Studies with p53 Ad, cells were plated at a density of 1 J X 10* 
cells/well on a 96- well plate and cultured for 4 b at 37% and 3% 
CO* Paditaxel, p53 Ad, or the appropriate vehicle was added to 
each well, and cell culture was continued overnight Then p53 
Ad, paditaxel, or the appropriate vehicle was added to each 
well Cell culture was continued for an additional 2 days, Cell 
proliferation was measured using the MTT assay (21). Briefly, 
25 ui of 5 mg/ml MTT vital dye were added to each well and 
allowed to incubate for 3-4 b at 37°C and 5% CO* Then, 100 
uJ of 10% SDS detergent warn added to each well, and the 
incubation was continued overnight Fluorescence m each well 
was quantitated using a Molecular Device* microliter pktc 
reader. 

Statistical Anafysii 

Data from drug interaction studies were analysed using 
noimarametric response surface methodology (22). Hie three- 
dimensional QC, Y t and ?) response surface consisted of the 
paditaxel dose, me p53 Ad dose, and the response (cell prolif- 
eration expressed as a percentage), respectively. Tbe three- 
dimensional response surface data were fitted with abtvariate 
spline (23) using PROC Q3GRXD in the statistical package SAS 
(24), Isobclograma were computed ton the fitted response 
suttee (25) using PROC GCONTOUR m SAS (24). Statistical 
evaluation of the isobolugram used the mmraction index (26) to 
determine syiierglsm, antagonism, and eddldvf ty (27)» PROC 
TRANSKBO in SAS (28) was used to compute the Pa for me 
interaction term in U» Wvariam spline. Also, me fitted values 
were compared with the observed values to determine me good- 
ness of tjl 

CeB Cycle Analysis ly FACS 

MDA.MB-231 cells were used in experiments designed to 
study cell cycle kinetics after nxatment with p53 Ad, paclitaxet, 
or bom. Cells were incubated with 0, 15, 3a 60, or 100 hloX 
(ClU/ceU) p53 Ad in cxmibinatkm win Q, 10 f 15, 30, 45, or 60 
ng/mi paditaxel under normal culture conditions for 24 or 48 h. 
At the end of the mcuoatton period, colla were washed with PB3 
(2X) and resuspended in ice-cold 70% methanol in PBS for a 
iriioirmim of 15 mitt. Tne ceUs wert washed wi^j PBS (2X) and 
resuspended far 0.5 ml of 2% fetal bovine serum m PBS with 5 
fig/ml RNase A and incubated fox 15-50 min at 37°C. The cells 
were transferred to test tubes containing 0*5 ml of 100 ivg/ml 
propiiHum iodito in PBS. Ten thousand cells were counted in 
each samplo, and the number of samples per treatment ranged 
from I Co 15 for each dmc period. The cumber of cells in each 
phase of the col] cycle was quantitated using a FACS Vantage 
cell sorter (Becton Dicldnson) and analysed using Modrit% 
software (Verity Software). 



Ad 
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Jjfo/ Static W » the dm. to**** between ,53 Ad ^ fa 



Ceflliae 



SBC-OVn3 

SC09 

SCC»15, . 

SCC-2S 

OVCAR>3 

DU-145 

MDA-MB-23I 

MDA-MB-468 



p33 protein 



ggjaa*. 



Create combined efficacy? 
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Ovarian 
Head and neck 
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Head and r 
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Mammary 



Synergy CP S CUHM2) 
SyDcrgy (P a O0040) 
Synergy CP as aQCOJ) 
Synergy CP * 04DO02) 
Additiva (P a* 0,07IQ) 
Additive (P - 0.O&42) 
Synergy CP * 0.0QO1) 
Syqggy CP g OjOOj) 



Kngteneoaa 



*ND, not determined (nmhip to do nualytjj because eefla were too easily tilled by p53 Ad akmo 



Synergy (p a OjOOOI) 
Synergy tf> a 0.0001) 
Synergy (P £ OjOOOI) 
AdtWve CP = 0^35) 
Synergy (p s 00001) 
Synergy CP s&OOOi) 
Synergy CP s O0001) 



daring the 3-day incubation), 



Ad TKmntuaScn Sttutiu 

CMs(W5X lO^w^plBtadimoe^wenofa 12-wen! 

added to the coll cuhroizifidto 

i^?^ We ^i 1 ^:? aII, ^ ^^TOpaDse corwa Sir each cen 

^J??.^?^ VBSijglstic or additive) eEBcacy with p53 Ad but ZRiounnl 
c«i^gtetwam^ 

TOd in02ft ghUaraWdrytfa and washed in «9S. lb osaay for 
fcgal activity, the cefls woe to Itau^hlnfltf iswbitffe 
[UmMMgCI* IS tom NaQ, 44 wm HBPES buffer (pH 74), 3 
^5^ Mfecr ^^ 3 ^P°^™ toiocyanfaje, end 1 
n^«n™^^ in ^ 

tfrncthytfonnamide (10% final omcoafratta)] for 5-6 h. The 
nmtttoafindr^ 

activity was ccumod in each microscope field, Ttw resnlts from 
naee nticroscope fiekb were averaged for each weH and tee 
wells per tearoom grot* were used fbf fl»«na^.5«K)!nc^ 

ringer Mannheim pMariapoEa. IN), AH other chemteak were 
p nTcna aed pom Sjgna. 

Mrotulmle Immunojhurmtia Mkmcopy 
■ . w* 8 wcnbatEd overnl^tt on l^rnm 2 covcrslipB placed 
m. 12*wefl tone ctiture plated at 37"C and 5% Next, pacli- 
ta*4wM added to themes 

cell* me incubqtDd for another 24 h. Tlic cells were then fixed in 
f^^V* 5a PBS jfbr 10 xnin, washed ^ilh PBS, incu- 
sed w£tb a% TViton X^lOO (wbich was added fur 5 mirjX washed 
twte with PBS fa S nrin per wash, and inc&bated with aati-G- 
wnJhn monoclonal antibody (Sigma T-4026) for 1 h at 37°G OeHs 

^Sf ^ * ^ ^ incubated ' 

wifli flnoregedn-conju^a^ antimouse JgG antibody (Cflond 
55493) far ! h « 3TC Ate waiting twice hSSSJmt 

?*^*JB** ^ Into floo^rent mmmdni 
mednna (Date S3023) onmkroscqpesfides. 

AdTrtatmentin Ww 

_ C.B, 17/ICR-sciil mlco vrere purchased froca Tsconic Famu 
roem»ntowii, NY) or Charles River Laboratories (Wilnuojacn. 
MAJ. An mice wore mausuuBwI it) a VAF bsirier fixHlify, an <1 all 
a^pxoceduiBiwerB paWd ta aooartance with the rolet 
ibrth m the NIH Quida ter the Can: and Use of Laboratory 
Aaimab. Ftelitatol waa pnefaaaad Item CalKochamS 



Diego, CA) or ftom Sigma. For At vtw ocperinjonte, pacHiaxd 
wa. dissolved m 1:1 absolute ethanol and Qeftoptora. fflte- 
ma) and than diluted mointo 03%, iwna&Miorto 
l.p. injection, ^ 

SK-OV^ Oyarian Tubiw Model, in experiment 1, fe- 
mato aetd not were injected with 1 X 10 7 SE-OV-3 ceQa i.p. 
?o ^ ^ <l0 ^ ^ i-P. on day* 7. 12, IS, and 

ta^dja^f prio, ^ fajjecfan). Ihe pS3 Ad dcae wai 2J X 10» 
CIUAncuseAtoy (5.2 X ltf» viral pattjcles). The pacUtaxel dbae 
<m ilOntgftgMay. Tumors were harvested and weighed on day 
21 . TUm were 9 or 10 mice per group. In espsnmenl 2. female 
soWnoce were injected with I X 10* SK-OV-3 cells i,p. on day 

Lp - ^ «» ,0 . and 
17 in a total mjceuon volume of 02 nL The pS3 Ad dose waa 

ttttl dose wa* 5 mgftg/day. Tutnon were harveswfaid 
wdghedon day 27. Una were 9 or W mice per gromOtatiu 
show mean tumor bnideq (bi g) ± SE 

DU-145 Prostate Tomor Model. Male scid mice worn 
^ccted with 2S X I0» DIW45 cell. ip.Wday £ w^e 
dosed tp. on days 7, 0, 11, 14. 16, and 18. Mice toceived . 
OAnd total votamo (ttl ml of padhaxd vehicle or pscfitajtel 
P*?^ M buffer or pS3 Ad). Ttep» Ad dosoTas 7x 
^CrataoussAlay(l.Q3 X 10'= WralpJ^). l^p^wQ 
dose was lmg*g/day. Tumors were harvested and weighed on 

Si to!5r ! « WB ? ^c^ 00 ^ ^ Gl ^ hs mean 
tumor n&den (in g) 5 SB. 

MDA.MB-4fiS Manmery Tumor Model Bash female 

scid mouse was Injected with 1 x HPM&AMB^fig cells into 

a mammary &t pad U days before the start of dosinfi on davO 

The par Ad dote was 3 X 10» ClU/mouae/day (!,03 X "lO* 5 

vtral partclEs) given on days 0-4 and 7-10. AH vims injections 

ware parfVmtnmunanil. The paclimxel dose wss I0ma/w/dav 

ip, given concurrently with pS3 Ad or Ad buffer. There woo 
^ P ^^? U{, ■ """nof growth curve* show mean tumor 

vohtmo± ^Tiimorvommosfcrdifieront treatment groups on 

each day were oompared by Student's 1 tost using SUtvtew D 

software (Abacus Concepts, Bedteley, CA). 

MDA-MB-331 Mamrai»y Tumor Model. Female add 

nuoe were injected with 5 X 10« MDA-MB-J31 cell, into too 

tXZUKSEi U dSyS ^ of *«ingon day 0. 

was SxlofOlttnousoMay (1.03 X 10»° vkal psrfdcs) hmw 
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^ ?5a , » ne* tumor cells, Yvte, p53 Ad (OUfceU);**^ 



peri tumors on days 0-4 and 8 -1 1 1hc*e were 10 mice per group, 
Tame* growth curves sbow mean minor volume * SE 

Results 

Drug Interactions in vixro* a summary of results from 
the statistical analyses of drag interactions in tumor cells is 



given in Table 1. Cells were treated with pacltocl 24 fa before 
exposure to p53 Ad or with both drugs rimatemeously. Multiple 
dewwponse curves tytantitattog the antiproliferative proper* 
ties of diflcrout cnmWnmioas of p53 Ad and pacbtaxd were 
modeled in three dimension The fitted models were statist^ 
caHy compared with the observed values to confirm toe good- 
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I with p53 Ad and puliiaxet 



TL^yT Isob0l0 « ralhs were 8««««l tan Am mete* 
nonet tfrnm (ov«y. h«d md neck, pmttate, ami breast). 



Kg. 1 and a l shcwiiaphlcal rcprBematona rf (he atatbtteU 
awdehag wed to anafee the drag inum&m betweenp^Ad 
ad [pacta**. Analyafe of the by aa ataXmndaoS 
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^(ffi J Cell circle effect* of pSS Ad and oaclilAXal n M£ia JifR *km 



CeflCydeAnaryrfa. KlftU!B^linmttedlsw«B«- 
pond to vadmis cewmatione of p53 Ad ant pactitaxeJ and ihca 
were assayed fcyPACS ate Z^^^mahatoporftxir^ 
stows a graphical summary of the propcaioa of MDA-MB-lai 
eeUs in eacb phase «rf tho oeD cycle under different fteanm 
ooodibons. Ibe data at both time periods were consistent, I^^o! 

Pfdtool dimply taved the ey9, fiandon to as taw 

P» Ad had Btfle effect cm gJZbL™ ^Z^™* 

on toe flaotion of oaDa to S phase wen leas consfatm; but in 
general, pS3 Ad decreased tte&phaseftaction, whereas pacEnoei 
taeiBased it When fee two drugs wn combined, thereinto 
eojieeotcatujo of each dreg determinod the ovejall cell cycle n> 
fipotwo of the population Both drugs stimulated apopcotfc cell 
death, as indicated by an increase in Ho sub-G, peafc with increas- 
ing incubation tones (data not shown). 

Attlltaal Effect on Ad Tnmsdtttiot, Bales. ThcabiJ- 

S? ifif!?^ tG * t4ta »°f^ transduction by 
Bl-deleted Ad was examined in a panel of tumor cdfa. 
Paclltaxel concentrations were chosen baaed on the dose- 
response curve* for each oeD line, rach that the drag con- 
OMtamons had shown greater combined efficacy with pS3 
Ad but minimal cell killing when cell* were treated with 
pacKtaxBl itone. Pqclitawtl increased the number of five 
ttmor cells transdnced by fl-gal A d 3-339 in a dosodepca- 
dent manner (Table 3). As shown in Kg. 4, paclitexel in- 
creased the percentage of ceQs transduced by B-eal Ad 
iBdepeodem of its antiproliferative efficacy. 

„ ^•^^PMBtaxelmiiticiotobito 

tested in two pSS™ 11 and three vS3™« cell lines SK-OV-3 
SCO.15, DU-145, MDA-M1M68, and h*T>A J^B-23H^Aa t» 
pected, 43 ^gAnl CSO paclitawa caused exteniive mlcrotu- 
condensation (Kg. 5). fit contrast, the concentrations of 
paclitsxel that increased Ad transduction rates 3-55% had min- 
imal effect on microtubule architecture, with increased branch- 
ing being the only notehle eflfect 

iBsttWterf wmorewcm treated wife ,> doses of vehi- 

cles, p53 Ad, pscbtaxel, orboth. in esperimeat 1, mice were given 
fcj^osesof ZS X I0»CIUp53 M<?2 X lO'vimlpaitieS)^ 

10 viral particles). Tfce pachjaxel do* was 10 m&kgfihy. Tu, 

^™T^^? vc8 ^^ W! ^^ m ^^ , ^ ,6BU I t ** B *own 
^ ^ n»™r bumeo to mice (mated only with drag 
vehicles was 1J59 ± 005 g fe = 9). IreatmeoTwith p»Ad 

«), When boa drugs were cotnbinod, then was a father 55% 
T^^^Z}^ 1 w P** 0 * 61 al<»a to 031 ± 0.03 g 
&• a£f tra,ted or p53 Ad aiocl 

had bloody ascites and enlarged spleens. llie» symptoms were 
aW ill the mice treated with padfcwoi alcne «S with 
pS3 Ad. An uveas wees grossly nomal 

«tt I l (S ?lf^ aen i^. mioe ^8fcwd*«*<Jaaesof5xlO» 
OUp33 AdO X lO^vn^perticlesJovernnt^ofZvyeeksfcr 
a total virus dose ofs x IO»OU(o.2 X 10'^pwfclmnS 
tp. paclltBxe] dose was 5 ng^ay. Tmnora were harvested and 
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806*55 
772 * 56 
738*51 
820 * 84 

aa±78 

749*41 
1247 ±91 
1175 ±34 
1028 ±12 
1103*53 
1045*85 
995137 
567 S 26 
556 ±27 
533*9 
523 ± U 
S28±8 
516 ±24 
784*30 
721 ±14 
6*1 ±25 
540 4 5 
S&±21 
133 ±3 
1140 ±28 
IU0 £74 
1035 ±27 
920*04 
1033*38 
829 ±74 
934 ±59 
917 ±77 
738±*7 
540 ±84 
702*32 
4784 10 
410 ±34 
358 * 10 
374*24 
959*78 
972 *48 
941 ±71 
672*30 
©9±26 
663 ± 20 



weighed on day 27. Final turner burda io mko tftated only wiib 
fl^v^rfcles was 1,01 *^14gfri«10)-1teatinenkwithp53Ad 
wduced tumor burden 33* to 067 * OAS g fa «= 1<& Treatment 
with pacfitaxel reduced tumor burden 7D& to O30 * 0.02 gg(n- 
U>). When both drugs were combined, maze was a father 90% 
turner burden oampwedtopacditMcelalonfttoO^a ± 
O02g(fi=9;Ps0«»l). 

Efficacy in the DU-145 Prostate Tumor Model in Khw, 
ran efficacy of pS3 Ad m combination whh paoftaxa] was also 
evaluated in the DU-145 xenograft mode]. As shown in 7. 
toe combination of p53 Ad and paaKtaxel reduced tumor burden 
54% mow than paclitaxcl treatment by itself (n = lOnuceocr 
group; 0,0003). ^ 

Efficacy in the MDA-MB-468 Mwnmary Tumor Model 
toVfo*. Established i.e. MDA«MB-468 turacx* were treated 
with vehicles, p53 Ad, padiiwel, or both drugs on days 0-4 
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31.0 *Ot 
39fl±U 
394 ±14 
418*2.6 

454 ± as. 

50.0 ±4,4 
2L4±08 
274 ±17 
3*1 ±07 
31.9 ±09 
«.7±ll 
33.9 ±07 
30,9 * IS 
38**1.6 

51.1 ±U> 
52.0*0,8 
52.8*2*0 
644*0.8 
114 ±U 
18.1 * I* 
26.7 ±L0 
35 J ± 3.9 
40.7 ±2,8 
47.1 ± 14 
414 ±3,5 
523*14 
557 ±34 
614*3.1 
57.7 ±14 
«S4±1,7 

*4±02 
9.6±06 
205 ± 14 
34.9*2.01 
41.1 ±1,2 
46.3 X JjO 
57.7 ±24 
70^ * 3.7 
694*2,1 
*9±0,B 
9X1*14 
263*2,7 
408*4.8 
37.6*4.6 
38.2* U 
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and 7-10 Afl shown fn Kg, 8, p53 Ad had greater efficacy when 

ft was administer^ 

PSO0004). 

Efficacy to the MDA-MB-231 Mmmwuy Tunwr Modal 

tested with vehicles, pscl&wel, pS3 M Or bom dmgs c* day s 
0-4 and 8-u, As shown in Rg. 9, p53 Ad had enhawed efficacy 
when it was combined with lJaoftawl (d^ 8^, p « O00CQ). 

Dfaco a stop 

Synergy (or antagonism) between two chemical agents is 
an in vitro enipirical phenomenon, in wWc^tbe observed effect 
of the combination Is more (or less) than what would ho pre- 
dicted ton me effects of each agent working alone, Almooghiii 
rtrv synergy is not directly provable in the clinical setting, ft 
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does predict a mvorabic outcome when the two uerapmrties are 
combined In contrast, overt antagocifim warns pf future prob- 
lems. SppWtticated statistical modeling technique were mod to 
evatoro the presence of syiiorgistk, additive, or antagonistic 
efiucecy between ©53 Ad and paclitaxel (Taxol) in a panel of 
human tumor cell lines with wmfunctional pS3. Tmnor cells 
were treated with paclitaxel # b before p53 Ad or treated with 
bom agents flhnuItsncously^PiRclitajcd had synergistic or addi- 
tive efficacy in combination with p53 Ad, independeot of 
Whether the ceils expressed mutant pS3 protein or no p53 
proteja at all. Most importantly, antagonism between the two 
mugs was never observed. 

p53 Ad arrested cells in Q^, prior to apopmde cell 
death, consistent Wilh the known activity of wild^ype p53 in 
cells with damaged DNA (2). Paclitaxd arrested cells in 
OrM prior to apoptotio cell death, also consistent with 
previously published reports (8, 9), When the two drugs were 
combined in MDA.MB-231 eella, the relative concentration 
of each agent determined the dominant cellular response, 
low results are consistent with me cell cycle observations 



of Wahl €t qL (9), which suggested that p53 facilitates 
progression through mi tods m cells exposed to pacKoucl and 
that cells with functional pS3 accumulate in Go/Q; following 
completion of mitosis after paclitaxd exposure, However, 
published cell cycle data fail to explain the synergy observed 
between p53 Ad and paclitaxd in our experiments. Debe* 
nardis et al (30) repotted that mo p53 status of a panel of 
ovarian tumor cells did not correlate with their sensitivity to 
paoUtaxel-indoced celt death. This report lends support to the 
view that the synergy observed between p53 Ad and paelir 
taxel may be due, at lease in part, to a* interaction between 
the Ad vector and paclitaxd. However, the fact that p53 can 
be ooprecipitated with p4obtuin leaves open the possibility 
of interactions between p53 and downstream effectors of 
paclitaxel activity 01). In p53^ LNCaP prostate tumor cells, 
paclitaxel down-regulates expression of bcl-x^ a member of 
the bcl-2 gene family, which protects ceils from apoptosls 
(32). p53 has been shown to down-regulate expression of the 
antiapoptotio bcl-2 gene and up-regulato expression of the 
pro-apopmtfe box gene in other rumor cells (1-3). Therefore, 
pS3 and paclitaxel may potentiate each other in stimulating 
the apoptodc pathway in neoplastic cells. 

Our results suggest that pacUtaxel increases cell trans* 
doction by recombinant Ad in a dosenicpendent maimer. 
Although it la possible to consider a scenario in which cells 
containing only one or a few Ads do not express detectable 
P-gal enzyme activity until hyperstimnlation by pacUtaxel, 
this scenario is highly unlikely. Transgene expression In this 
Ad vector is driven by the strong cytomegalovirus promoter 
on a continuous basis in cells, starting shortly after infection 
by recombinant Ad. Also, the signal from every enzyme 
molecule is amplified in the detection assay. The most likely 
interpretation of our results is that pacUtaxel increases the 
number of cell infected by Ad. This Is one possible mecha- 
nism to explain (he observation of dreg synergy. la other 
Words, we hypothesize that more ramor cells am infected 
with p53 Ad and exposed to high levels of wild-type p53 
protein when pacUtaxel "sensitizes" them to transduction by 
recombinant Ad, Of particular nose, the concentrations of 
1 paclitaxel responsible for increased Ad transdnction are 
lower than the concentrations required for nlfcrotubule con- 
densation. Also, the rate of change in the number of colls 
transduced by Ad appears to be independent of pacUtaxel. 
induced coll death. TOe pacUtaxel Uterature oifer* few dues 
as to possible mechanisms for the Ad transduction egect 
Paclitaxel concentrations below 10 m inhibit micrombulo 
organization and mitosis in HeLa cells without increasing the 
mass of micrombuJe polymers (33). The alteration of mitotic 
spindle organization is similar to mat induced by Vinea 
alkaloids, such as vinblastine. At 100 cm, paclitaxel sup- 
presses both addition and loss of bovine brain tubulin mono- 
mers at the ends of microtubules, resulting in stabilization of 
microtubule lengths (33). At 10 nis, paclitaxel suppresses me 
ah arte rung rate with no effect on the growth rate (34). Little 
is known about the process of cell transduction by Ad and 
specifically, the role of microtubules io the process. It is 
possible that stabilized microtubules assist virus transport 
within cells more rtadily than do normal, dynamic miorotu* 
tales. 
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Flg t $ Imnmncitocresccmirti- 
cwttibttk* In MDA-MB-231 
eaUa, onnected (/i) or treatod 
with 12 aM CIO ngrtnQ paeU- 
taaa! (C) or 30 HM (43 p^tal) 
paditexd (fi and D), and in 
DU-145 Oils. (Kited with 12 
nM (10 n^AnD pacUtaxtl (£) or 
SO KM (43 |»£M) paclitaxd 
Note the increased micro- 
txriwto branching at 12 nM pa- 
olUnsel and extensive rafcroto- 
bate cocdenwtiap at SO um 





Oteater combined efficacy of pS3 M and paolitaxel against 
^ ovanan xenografts In xcid mica, Cttunftr, mraw; fa^SE, DIM4S 



Vehicle pS3Ad Pacfitmi Both druga 
^, 7 (ftrator combined efficacy of p53 Ad and ptcft&xei 



pmttate xenografts in **! mica. C^, mBans; Aa/i.SB. 



Christen a aL (31) reported that paclitaxel concentra- 
tions op to 900 hm bad no effect on trypan blue occlusion 
from 2008 ovarian carcinoma cells, indicating that pacUtaxel 
did not cause a generalized petmoabilizatiott of the plasma 



membrane. However, ci Bp latin accumulation increased ap- 
proximately 50% over the same paeUtaxcI concentration 
range through a mechanism which appears to be related to 
microtubule stabilization by pacHtasel In other experiments, 
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means; to*, SB, 



irradiation increased (he number of NIH-3T3 human fibro- 
Wasti 39F human fibroblast, and A549 human lung carcinoma 
cells transduced by a recombinant Ad expressing taal (35), 
However, as with paclitaxel, the mechanism fe- currently 
unknowni 

The antitumor effects of combination therapy with p53 
Ad and pacJitaxel wen also evaluated in vivo. It has been 
' well documented tha t pS3 Ad Is a drag with antittmof effl- , 
cacy attributable to both the p5S tumor suppressor dene and 
the Ad delivery yector (3). Tile in vivo experiments were 
designed to mimic the clinical situation in which efficacy of 
the p53 Ad drug (with xt without chemotherapy) will be 
compared to clinical outcome with traditional chemotherapy. 
In this situation, it is unethical and prohibitively expensive to 
include' study arms to an empty Ad vector. In .a model of 
ovarian cancer, a dose of p53 Ad that had relatively minimal 
antitumor effect by itself bad significantly enhanced efficacy 
when combined with paetitaxel. Paclitaxel also enhanced the 
antitumor efficacy of p53 Ad in models of human prostate 
and breast cancer, Taken together, our preclinical data sup- 
port the 'evaluation of this combination in cluneal trials. 
These data offer the possibHty of enhanced antitumor activity 
With Iower-than«normal doses of pactitaxel and p53 Ad, Whan 
the two drugs are administered in combination. This could 
potentially decrease chemotherapy-indaced side effects, in- 
creasing patient quality of life and, perhaps, reducing the ' 
overall" expense °f a complete' course of cancer therapy, 

. Investigations into 'the efficacy ofpSS gene therapy in 
combination with DNArfamaging agents have started ap- 
pearing in the scientific literature over the last few years* 
However, none of these studies used rigorous methods to 
evaluate the type of drug tateraction, if any, between p33 



gene therapy and DNA-dam Aging agents. Fujtwara etal>(?6) 
demonstrated an additive antiproliferative effect in p53 RUl1 
H358 rang cancer whenpj* gene therapy was combined with 
dcolatrn, H353 cells cultured with ciapbatn for 24 h before 
tiaisdnotion with pS3 Ad had a significantly lower rate of 
proliferation than cells treated with either agent alone. When 
cells were transduced with p53 Ad 24 h before exposure to 
cisplatin. there was a dose-dependeiit eispJatin effect H358 
cells or H358 spheroids exposed to both agents exhibited 
greater apoptosis, as evidenced by DNA fragmentation. En- 
hanced ef5eaey when both agents were combined was also 
demonstrated in vivo. However, their in vivo studies were 
{somewhat Hawed in that they exceeded the maximum toler- 
ated dose for cfaplatin in mice in one experiment More 
convincing in vfvo evidence came torn Nguyen sfoA (37), In 
this study, p53 rtUl * HI 29 9 lung tumor xenografts were dosed 
with i.p. cisplatin before, concurrent with, or after intratu- 
moxal p53 Ad. Hie most effective dosing regime was cispla- 
tin given two days before three doses of p53 Ad, with the Ad 
doses administered 2 days apart. A second cycle of therapy 
produced increased efficacy over a single cycle, 

Ctyorset et al (38) demonstrated increased sensitivity to 
cisplatin cytotoxicity in p53 A,at T98G glioblastoma and 
p53»u sxnaij cell lung carcinoma cells transduced with 
p53 expression vectors 1 or 2 days before cisplatin exposure. 
Cell death mediated by apoptows was significantly increased 
when T93G cells were transduced by p53 Ad 2 days before 
exposure to cisplatin, as compared to cells only exposed to 
p53. Enhanced efficacy was also seen to the combination of 
pS3 and y-itradiation..Yang et aL (39) used pSl™* SW4B0 
colorectal tumor cells traosfected with an 4sopropyH-thio- 
P^galactopyranoside-induciblo pS3 plaamid construct to 
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evaluate the combined efficacies of pS3 with S-FU, topote- 
cao. or ^-Irradiation, All three agents displayed dose-depaj- 
dent effects on cell cytotoxicity that wore enhanced by con- 
cur/em expression of wild-type p53. DNA fragmentation was 
elevated io colla exposed to both p53 and 5-FU. Further, the 
potentiation of 5*FU cytotoxicity by pS3 was greatest when 
ccUs were exposed to both agents simultaneously, Blagoak- 
lotay and Bl-Deiry (40) reported increased cell killing in 
p53 SiBr3 mammary tamorceUs when transduction with 
pS3 Ad was followed 8 h later by doxorubicin or mitomycin 
C but not by vincristine. Greater combined efficacy was not 
observed in pS** 1 MCF-? mammary tumor cells for any of 
these three chemotherapy drugs. 

Additional studies on the ability of wild-type p53 to sen* 
sitixo tumor cells to irradiation have bsoo reported for colorectal 
and ovarian toibor cells (41, 42). SW620 colorectal tumor cells 
(pSl™*) were transduced with p53 Ad 48 b before irradiation 
(41). Cell survival was reduced by 50-6696 compared to mode- 
or veeto>ir.feeted irradiated cells, and this reduction was medi- 
afcd by apoptarfc cell death. Efficacy was also highest in SW620 
j^ogiafte pretroated with three consecutive doses of p53 Ad 
before irradiation Again, apoptosls was most evident in tumors 
treated with both agents. Similar, although not as dramatic, 
restate have been reported for p5l mU SXfOV-3 ovarian tumor 
cells (42). Cells transduced with p53 Ad and subsequently 
irradiated had lower survival than mock- or vector-infected 
irradiated cells. s»c* tumor xenografts were treated once with p53 
Ad or the appropriate controls and then irradiated on 3 consec- 
utive days. This dosing regime was repeated 1 wee* later. 
Combination therapy with pS3 and irradiation had significantly 
increased efficacy against tumor xenografts and cured 45% of 
the mice. 

The conclusion from published studies is that p53 gene 
therapy combined with DNA-damaging agents has additional 
efficacy over p53 gene therapy alone. Id particular, dsplatin 
{^treatment ought sensitize tumors to subsequent p53 gene 
therapy. There ore no previous reports on the combination of 
pS3 gene therapy with paelitaxel, which acts by the mu ch 
different mechanism of altering microtubule c^n*n*ca within 
cells, * " ' 
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